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WHEivT  STORAGE 

Observations  on  the  insect  populations  in  Wheat— 

Under  Different  systems  of  Management*  * 


During  December,  average  samples  were  taken  from  the  bins  remaining 
in  the  management  series  on  the  Hutchinson  Experimental  wheat  storage 
site.  These  samples  consisted, of  one  quart  (approx.  1,000  grams)  pf  wheat 
taken  from  the  center,  north,  east,  south,  and  west  quadrants  of  the  bins. 
Five  one-quart  samples  were  taken  from  1,000-bushel  bins  and  ten  one-quart 
samples  from  2,740-bushel  bins..  The  insect  population  wa?  determined  by 
sifting  the  individual  quart  samples  and  recording  the  number  and  kind  of 
insects  in  each  of  them.  In  this  manner,  the  location  .^and' degree  of  infes- 
tation was  determined  for  each  bin'^trget her  with  the  average  for  the  bin. 
The. results  are  given  in  table  1.  It  is  of  interest  to  note  the  low  level 
of  insect  populations  in  the  **Fuiiii6®-tion  in  s^pbember*"  series  which  is 


fumigated  with  carbon  tetrachloride  at  a dosage  of.  only  2 
1,000  bushels.  . . .1 


gallons  per 


* — Reported  by  H.  H.  Yvalkden  and  R.  B.  Schwitzgebel,  U.  S«  Dept,  of 

Agriculture,  Bureau  of  Entomology  and  pls-nt  Quarantine  in  coopera 
tion  with  the  Bureau  of  Plant  industry,  soils,  and  Engineering. 
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Table  1:  --  Insect  populations  in  wheat  stored  in  steel 'bins  renainin^ 
in  the  fjianagement  Series#  Hutchinson#  Kansas;  D<=^''-er."ber # 1944 


Bin 

NO. 

Crop  ; capacity 
year  : bushels 

Insects  per 
1#000  grams 
(number) 

• Remarks 

1 

No  treatment  after 

.nitial  fv.miga-t 

;ion  when  bins  were  filled. 

1943  : loco 

1.0 

9%  moisture  content 

1943  : 1000 

0.6 

do 

6-5 

1940  ; 2^40 

10.3 

L-tube  ventilation 

5-12 

1941  ; 5000 

0 

Bolted  tank#  painted  white# 
sealed 

2,  Fumigation  when  necessary. 


2 

1940 

1000 

9.0 

1-2 

1940 

1000 

0 

1-3 

1940 

1000 

6.0 

11-9 

1941 

2740 

1.6 

12-8 

1941 

2740 

3.1 

7-8 

1940 

2740 

0.1 

7-9 

1940 

2740 

0.5 

8-7 

1940 

2740 

0.8 

00 

1 

00 

1940 

2740 

1.3 

walls 

and  roof  painted  Aug.  1941 

white 

Mar . 1943 

do 

Mar.  1943 

do 

Mar.  1943 

do 

Mar.  1943 

walls 

and  roofs 

painted 

white,  bins  grouped  .for 
she.ding#  March  1943  c 
do 


3.  Turning#  cleaning#  and  fumigation  in  Sep~^®^Q^> 


3-14 


1940 

.1^.40 

1940 


1000  : 

2740  : 

2740-  -.'4^.. 


0 

0.4 

1.0 


4 . -Fumigation  in  August  and. October. 


2-12 

1940 

1000  ■ 

.Bins  in  this  series  fumigated 

3-12 

1940 

1000 

0.2 

with’ ‘3  tl 'mixture  of  ethylene 

i-5 

1943 

1000 

0 

dichloride  and  carbon  tetra- 

4-5 

1943 

1000 

0 

chloride#  4 gals,  per  1,000 

9-1 

1940 

2740 

0 

bushels 

10-1 

1940 

2740 

0 

do 

10-2 

1940 

2740 

0 

do 

9-2 

1940 

2740 

0 

Solid  L*tube  ventilation 

10-3 

1940 

2740 

0 

do 

9-3 

1940 

2740 

0 

perforated  L~tube  ventilator. 

(continued ) 
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Table  1,  continued 


Injects  per 
Capacity  ; 1,000  grams': 


Bin 


crop 


NO. 

Year 

bushels 

: (ndmberrl 

: . Remarks 

6. 

Fumigation  in  September. 

3-13 

1940 

1000 

s ■ li'2  ■■  ' 

Bins  in  this  series  fumigated 

4-12 

1940 

1000 

■ty:  \.o:e  / 

with  carbon  tetrachloride,  2 

11-2 

1940 

2740 

■^■‘1.8  ■ 

gals,  per  1,000  bushels.  ' 

12-2 

1940 

2740 

: ■ 0.6  " 

• 'do 

11-10 

1941 

2740 

: 0 

do 

11-11 

1941  . 

..-:^740 

; 0.3 

do 

7-3 

1943 

•2740. 

: 0.1 

do 

7-4 

1943 

. .2740 

. °:h  ■.  . 

do 

6.  For  observations  on  rate  of  deterioration  after  treatment 


of  assigned  treatment. 


3-10  • 

1,. 

1940  . 

' - ' ' . -S*v 

' ; 1000  ’ 

68.8 

; No  treatment  after  initial 

3-11 

1940 

.. . 106.q‘  , ' - , 

36.8 

; fumigation.  ■ ■ ' . 

1-16 

1940 

loop:.  . 

17.8' 

: Germination,  Oj  for  milling 

2-16 

1940 

...iooP. 

15.6 

: and  baking  tests 

7-2 

1940 

,2740 

1.6 

; surface  oil  spray ‘moisture  10^ 

• 

Five  species  of  stored  grain  insects  were  found  in  the  samples.  These 
are  listed  in  table  2. 

Table  2:  — comparative  abundance  of  the  different  spedies  of  stored 
grain  insects  in  stored  wheat,  Hutchinson,  K^-nsas, 

December  1944. 


Average  number  per 


Species • • ; l,000»gram  sample 


Flat  grain  beetle  (Laemophloeus  minutus  Oliv.).  . , . 0,84 

Longheaded  flour  beetle"  (Lathetious  oryzae  waterh.)  . .:  0.66 

Red  flour  beetle  (Tribolium  castaneum  Hbst*  ) : 0.47 

Lesser  grain  borer  (Rhyasopertha  dominica  F*)»  • • * • -s  0,26 

sawtoothed  grain  beetle  (pryzaephilus  surlnamensis  L.)«*  0.03 


-4- 


Study  of  the  Fluctuation  of  Insect  populations  in  Yfheat  S"^-cred 
in  Ever-Normal  Granary  Type  Bins 

The  study  of  insect  population  fluctuations  in  wheat  stored  in 
ever-normal  granary  type  bins  waV  continued  during  the  oast  quarter. 
Five-probe  samples  were  taken  from  the  upper  southwest  quadrant  of 
36  bins  in  the  J^nagement  series  and  a record  made  of  tl  e number  of 
each  species  cf  stored  grain  insects.  A summary  of  the  data  obtained 
during  the  past  nine  months  is  presented  in  table  3 and  arranged  to 
show  the  effect,  of  different  grain  storage  practices  on  insect 
populations. 


For  the  purpose  of  this  table  the' lesser  grain  borers  and  rice 
weevils  were  considered  '’weevils'*  and  all  other  species  were  combined 
as  "bran  bugs".  Rice  weevils  were  rarely  taken  and  the  flat  grain 
beetle*  sawtoothed  grain  beetle  and  longheaded  flour  beetle*, were  the 
principal  bran  bugs.  • 

The  only  untreated  grain  which  failed  to  develop  serious  insect 
populations  throughout  the  entire  season  was  the  9-10  per  cent ' moisture 
wheat  in  unpainted  bins  and  also  all  grain  stored  in  bins  with  white 
walls  and  roofs.  The  lesser  grain  borer  populations  were  especially 
low  in  theae  bins.  The  other  grain  storage  practices  — fumigation 
in  August  and  October;  fumigati.enwin  isepteqtiber ; and  turning*  cleaning 
and  fumigation  in  September  — reduced  the  insect  populations  to  a 
very  low  level  so  that  the  grain  entered*  the  winter  season  in  good’ 
condition. 


As  shown  by  the  data  of  table  3 fumigation  in  August  and 
October  kept  the  infestation  at  a lower  level  during  the  entire 
season  than  either  fumigation  in  September  or  turning*  cleaning* 
and  fumigation  in  September.  It  should  be  .noted*  however,  that 
T'bins  fumigated  in  September  were  treated  with  a dosage  of  2 gallons 
jDf  carbon  tetrachloride  per  1,000  bushels,  which  is  not  equivalent 
to -the  4 gallon  dosage  of  the  3-1  mixture  of  ethylene  dichloride 
and  carbon  tetrachloride  applied  to  the  bins  fumigated  in  August 
and  October. 


\ 


I 


Table  3;  — s^^nmary  of  the  insect  populations  in  the  upper  southwest  quadrant  of  steel  and  wood  bins* 
. Hutchinson*  K^^nsas*  1944, 
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Table  3i  concluded  . 

• - It  Average  number  "of  :in(^eb't? '^r''lci60-grams  ; ' 

Grain  Storage  . * Apr*  .June  July  July  Aug  o . Aiig. /• ’Sept &ept,;'.  Get.  0ct*.’.N<5V*  D6c# 

practice  1.  1 3 1 15  1 M 15 \ .1 / 15  . " .1  \ 16.  ’..  11-  27 
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Study  of  the  iligration  of  ^ofed  Insects  by 

U9^s^  or^Bin  7ento,latol*i  Trapsf- 


During  the  past  season  bin  Yentilatof.- traps  were  employed  to 
study  the  migration  ;'of  stored  grain  iWeotfe  into' a gal-^anized  bin 
and  a bin  painted  white The  bins  were  tightly  calked  to  prevent 
the  entrance  of  insects  .except  through  the ^ventilators  which  were 
fitted  with  traps  to  retain  the  insects  entering  in  this  manner. 

The  traps  .‘were  in  operation  from  July  3 to  .iJovember  13.  The,- 
catches  were  examined  at  weekly  intervals  throughout  the  season 
and  the  rbsult$- are'  suximiarized  in  tables  4 iand' 

: • ■ • • - V W7  i ' 

A total  of  1353  insedts  were  taken  .in  |thd  two  traps  during  the 
season  with  more  thafa  75’ per  cent  of  the  "catch,  "t^ken  in  the  un- 
painted bin. -e Large  Catches  were  recorded  f^fom  thb  last  of  July 
through  October  in  this  unpainted  bin  whereas  pvejr  half  the  total 
catch  for  the  white 'bin  occurred  in  the  most 

significant  fact  in  this  '.study  was  that  morO  thah^thirty  tiroes  as 
many  lesser  grain  borOrs  migrated  into  the  unpainted  bin  than  were 
taken  in  the  trap  in  the  bin  which  was. painted  white.  This  species 
has.  continued  to  be  the  itfost  serious  stored  grain  pest  at  the 
Hutchinson' site  since  its  erection  in  1941 < - Ahy, measure  to  prevent 
or  to  reduce  the  activity  of  this  pest  is- of  high  importance  in 
the  storing  of ‘ grain  in  southern  K^-nsasy  OJclahpma,-.  and  Texas, 
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,Table"4i..— -Number  of  inse^Sts  entering  yentilator  traps  in  bins  at 
, vjjut-chinson#  Kansas',  1944.  ' 


- -i?.  V 


^ T 

. peridd 

Galvan^  zed - wal Is 

. 

0 

and  roof  : 

— 7 bIH'T-^ 

White  walls  and  roof 

No.  insec^tsi- 5^:„6f  total 

■ 

No.  insects:  ^ of  total 

a . - 

- ♦' 

• 

* V j/ 

■ ' s ' 

July  3-10 

' ' 47',  . 

• 

4v5 

• 

•’^Z  0.3 

16-17  ' • ...'  . 

- - ' '-  49 

• " 

• 

. 10 

I ' 3.3 

' i7rZA  : - ' 

..n-  2^ 

fe.s 

. * 

7 

: 2*3 

24-ii.  ' 

•'  117 

* 

0 

11.1  ^ 

t 

: 5 

V 1.7 

July  31rAugi  7" 

49 

• 

• 

-4.6  . 

• 

• 

, - - 12  . 

..  4.0 

^A^t^"7-14 

158  - 

• 

15.0 

• 

86 

: 28.7 

14-21 

41 

• 

3.;9 

• 

0 

25  ■ 

: . 8.3 

.21i^8-'  . 

56  " 

0 

29 

9.7 

^ug,l  28-Sep'^.  4 

,85  • 

T '■  “ 

8.1 

'A 

29:.‘ 

;x.  9-7 

■%ept>..  4-wll  • j 

! ' ■ 48;:  - 

• 

4.6/ 

• % 

0 

: 12 
> I 

■;  j • ^*0 

"■  : U-i8  '-  , «'■  . ,64-.-  ■ • 

5 A 

m 

0 

24 

: 8.0 

18-25  -1 

. '•  ^89, 

8.5 

m ' 

10 

: 3.3 

Sept*  25-Oct*  2,',  vj 

t ' 27 

.•s. 

^2.6 

« 

• 

8 

t 2.7 

Oct • ^^9 

' 32 

m . 

3.0 

• 

• 

12 

: - 4.0 

9— 16 

47 

• 

• 

4*5 

0 . 

16.. 

: 5.3 

16-28 

123 

• 

A 

11.7 

• 

0 

9 

: 3.0 

Oct.  28-Nov,  8 

22 

• 

2,1 

0 

6 

: 2.0 

NOV.  8^13 

- . 

• 

0 

0*4-  . 

. 0 

■ - '0 

0 

0.0 

Totals 

1052 

« ' 
• 

0 ‘ 

• 

0 

301 

^ , 

per  cent  of  total 

i 

77.8 

• 

• 

; 22.2 

% 

* 

- • •. .. 

• 

' m 

Table  6t  — - Comparative  abundanee  of  the  species  of  stored  grain  insects 
taken  in  ventilator  traps#  Hutchinson,  Kansas,  1944 


Total  catch 


per  cent  of  catch 


Species 

• 

• 

Bin 

1-1 

0 

Bin- 

1-2 

• 

• 

• 

• 

Total 

• 

0 

0 

0 

Bin  ; 
1-1  •: 

Bin,  : 

1-2  ; Total 

plat  grain  beetle 

• 

• 

• 

% 

690 

0 

0 

0 

278 

t 

• 

• 

868 

0 

0 

0 

56.1  ; 

92.4 

64.2 

Lesser  grain  borer 

• 

430 

1 

13 

• 

443 

0 

40.9  ; 

4.3 

32.7 

Foreign  grain  beetle 

• 

0 

15 

t 

2 

♦ 

* 

17 

: 

1.4  : 

0.7 

1.3 

Hairy  fungus  beetle 

: 

10 

0 

0 

1 

• 

11 

0 

1*0  ; 

0.3 

0.8 

Red  flour  beetle 

• 

4 

• 

• 

1 

• 

• 

5 

• 

• 

0*4  : 

0.3 

0.-4 

Rice  weevil 

z 

2 

0 

3 

0 

0 

5 

t 

0.2  i 

1.0 

0.4 

Longheaded  flour  beetle 

• 

m 

0 

0 

3 

: 

3 

• 

0 

0.0  ; 

1.0 

0.2 

sawtoothed  grain  beetle 

0 

0 

1 

0 

0 

• 

1 

0 

0 

0.1  : 

0.0 

0.1 

Totals 

0 

0 

1052 

0 

0 

W 

301 

• 

• 

• 

1363 

0 

0 

0 

77.8  : 

22.2 
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control  of  insects  izi  pariA  stored'-Qrain 


,<=  - .I,.-' 

_ :iraripusj^  interioi*' wair^treatmeiJtS'l^^  allied  in  farm  bins  and 

have  been  discussed' in  l^bjywts  *12' and  13>  V-Ddi*ihgllT^e  the  bins  were 
san^led  to  determine  the  ' kind ' and" degree  of  insect*  ihfestatibiT*' and*  in 
the- more  heavily  infested  bins- estimates  of . the  amount  of  damage' -to  the 
grain- were  made,^’  The  infestation  in  the  different  bins  is  suinn^rized  in 
table  6.  It  may  be  noted  that  the  greatest,  number  *of  dead  insects  .was 
found  near  the  v^lls  treated  with  DDTt  _ . * *W- 

‘.  -The  cade  lie  (Tenebreides  'mauritanious  'L  . ) was  the  most  ^abundant 
species  found  in^farm  bins  during  November.  The  most  intense  infestation 
was\  found  in  the--west  bin  on  the  Oldenettelffarm.  Quart  samples  were 
taken  just, below  the  surface  ne^  to  the  walls  in  this  bin*  _ S'^b-san5>les 
were- cut  from  these  and. the  number  and  weight  of  insect-damaged  kernels 
were- determined.; 

The  results  are  given  ih  table  7.4  thb  wheat' of  the^  i944  crop 
and  the  bin  was  filled  at  harvest  late  in  june,  1944.  It  may  ^e;]  noted" 
from  the  table  that  abo'ut  4 pb^r  cent  .of  the.  wheat  .in  the  centet^Jof  the' 
bin  has  sustained  damage  after  about";5  months  of  storage.  Ne^cC'to  the 
wails*  on 'a  weight  basis*  thdUdamage .ranged-  from  about  4 per  deirt  to 
more  than ‘7  per  centi  *lt  should  be  borne-,  in  mind^that  the 'above  "^figures 
represent 'the  most  extreme  case  observed  thus  far#  and  the  damage  is  " ' 
nsich-less' in  the  majority  of  farm  bins. 
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Tfi-ble  6;  — Effect  of  rarious  wall  treatments  on  insect  infestation  in 
farm  stored  wheat#  Rene  County#  RQ-nsas. 


l^Fumber  of  insects  per  lOOO  grams 
surface  sairple  next  to  wall 


; August 

ider 

FOY  ember 

Wall  treatment 

;Li'v:;.ngi  Dead 

Li'^ing 

Dead 

Living 

Dsac 

# i • • 

Oldenettel#  west  bin 

> 

Whitewash 

: 22  : 3' 

96 

4 

13 

10 

Red  barn  paint 

H"  : 0 

48 

0 

8 

' 11 

White  lead  paint 

: 34  ; 1 

42 

4 

10 

8 

Dendro 1-lye 

; .34  ; 2 

42 

58 

10 

13 

DDT  - ■ ■ 

t 29  : 72 

Oldenettel#  east 

10 

bin 

70 

18 

218 

K-655 

: 0 ; 0 

12  . 

0 

1 

1 

Untreated  check 

: 0 ; 0 

10 

0 

1 

2 

Dendrol-lye 

; 0 ; 0 

8 

4 

4 

21 

K-1127 

; 0 ; 0 

6 

0 

4 

10 

K-208 

: 0 : 0 

6 

0 

0 

0 

Deobase  oil 

: 0 ; 0 

4 

2 

4 

4 

DDT 

: 19  ; 156 

: : 

Swanson  granary 

4 

,32 

4 

114 

untreated  check 

; 0 i 0 

12 

0 

16 

1 

Deobase  oil 

: 0 : 0 

6 

0 

10 

4 

DDT 

; 0 ; 0 
Swanson;  west  be 

4 

)x  car 

0 

2 

10 

Dendrol-lye » south  wall 

: 2 : 0 

42 

4 

11 

6 

Dendrol-lye#  west  wall 

; IS  : 0 

16 

0 

19 

7 

Dendrol-lye#  east  wall 

: 0 : 0 

Swanson,  east  br 

14 
?x  car 

0 

0 

0 

DDT»  west  wall 

; 14  : 0 

6 

0 

0 

26 

DDT*  south  wall 

: 0 : 0 

4 

0 

5 

19 

DDT#  east  wall 

; 0 ; 0 

2 

0 

Fct  £ 

;amplec 

DDT#  north  wall 

: 0 : 0 
Gump  granary 

0 

0 

0 

10 

DDT 

; 0 : 0 

6 

0 

2 

5 

Red  barn  paint 

: 0 : 0 

4 

0 

0 

0 

■y^ite  lead  paint 

0 : 0 j 

2 

0 

0 

0 

T/hitewash 

: 0 ; 0 : 

• • 

0 

0 

1 

1 
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'V*^\:Table~  7 : — Amount  of  insect  damage  to  wheat  stored  in  a farm  granary 
. with  treated  walls#  November#  1944*  


y/all  treatment 

: Woigbt  of 
; pam^le 

: (gra^)  ^ 

--■-Number 

of 

kernels 

per  cent  carnage 
YiTeight  : Nuinber 

basis  : basis 

- n * ' • <v  * 

Oldenettel;  west  bin 

Dendrol-lye 

: *45.00 

1487 

7.4  9.9 

DDT  : 

; 43.75 

1680 

6.6  : 7.7 

Vil'heat  1-ead  paint 

: 43v75 

1644 

5.9  ; 7.6 

"V^itewash 

: 43.10 

1537 

4.9  ! 6.3 

Red  barn  paint 

42.60 

1530 

3,8  s 4.4 

sample  .from  center  of  bin  .44.00 

1548 

’3  76  : 4.3 

♦ J • ^ 

* 

, * 

,•  '.a 

; : 

* ♦ 

; 

. ..  .. 
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, ' Experimental  Fumigation  of  Wheat 

During  th^  past  quarter  a total  of  27  bins#  aggregating  nearly 
36»000  bushels  of  wheat,,  have  been  fumigated  experimentally.  The 
majority  of  the*^  bins  were  located  on  the  farm,  and  were  made  avail-e 
able  through  th^  cooperation  of  Reno  county  farmers.  The  results 
of  the'  experimental  fumigation  v/':'rk  are  g5.vsn  in  table  8,  parts  1 
(steel* bi.ns ) > and  2,  (wooden  bin*:). 

part  !.■  Experimental  Fumigation  of  Wheat  stored  in  Steel  Bins. 

(Table  8,  part  1.) 

Using  a dosage'  of  2 gallons  of  carbon  tetrachloride  per  1,000 
bushels  as  a check,' methylene  chloride,  'brichloroethylene,  tetra- 
ohlcr ethane,  and  a 5:1  mixture  of  ethylene  dichloride  and  carbon 
tetrachloride  failed. to  give  satisfactory  kills  at  the  dosages  used 
in  these  experiments  except  in  one  bin,  (5-8). 

part  2,  Experimental  Fumigation  of  Wheat  Stored  in  Wooden  Ever- 
Normal  Granary  Bins  and  wooden  Farm  Gramries. 

(Table  8,  par*b  2.)  - • • 

Due  to  the  great  differences  in  the  construction  and  tightness 
of  farm  granaries,  it  is  difficult  to  make  comparisons  of  the- 
effectiveness  ?f  various  fumigants.  However,  from  the  data  given  In 
table  8,  part  2,  it  would  appear  that  a mixture: of  carbon  tetra- 
chloride, 90  per  cent  and. ethylene  dibromide,  10  per  cent,  is  .an 
effective  fumigant  for  farm  s'cored  grain  at  “do  sages  of  *,2  to  4 gallons 
per  1,000  bushels,  depending  on  the  tightness  of  the  granary.  (The 
ethylene  dibromide  used  in*,this  work  was  supplied" through  the  co- 
operation of  the  Dov^  'chemical  Company). 

The  role  of  ethylene  dibromide  is  that. of  a surface  toxicant,  ' 
In  steel  bills  it  is  unusual  to  find  a heavy  surface 'ififestation  and 
so  carbon  tetrachloride  is  an  effecti*^e'  fumigant  wien  used  alone.  - 
However,  in  wooden  granaries  cadelles  are  U3ua?.ly  fcund  in  the  : 
surface  grain  and  near  the  walls.  Under  such  conditions  carbon 
tetrachloride  failed  to  give  o'omplete  kills  cf  the  cadelles*.  The 
mixture  of  10  per  cent  ethylene  dibromide  and  90  per  cent  carbon 
tetrachloride  effected  nearly  perfect  Kiris  of  all  specios  under 
these  conditions,  - " 
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Table  8;  — Exp^erimental  fumigation  of  wheat,  Hutchinson,  Kansas^  1P44 


Bin  NO 

• 

• 

Qapaoity 
. : (bushels) 

Date  ; Dosage  per 

treated  ; 1.000  bu. 

Per  oen^ 
Tes'j  - 
probes 

FART  I. 

STEEL  BINS 

carbon  tetrachloride 

8-12 

1000 

99.2 

f A..  ‘ 

Methylene  ' oHl bride  ‘ 

1-1 

.1000 

. 10^;i2a'  '3  • • 

5-8 

; 2740  . 

-i.::10,^0~-  ■ :•  • 3' 

’:.'/9,2.0 

Trichlorethylene 

6—6 

: 2740 

11/9  ••  2 

6.7/9 

; . • 

Tetrachlor ethane 

6-2 

' 2740  . 

11/^  : 3 

.44.0  . 

9-4 

11/9  ; 3 ; 

• 57.  i 

S' 

... 

2-16 


Ethylene  dichloride  - 75^ 
carbon  tetrachloride  - 25^ 


,1000 


FART  2.  WOOD.  BINS 


10/4 

carbon  tetrachloride 


13-1 

337 

Stohle 

V^alsten 

336 


1500 

1500 

1500 

700 

1500 


10/6 

11/10 

10/6 

10/5 

11/10 


Ethylene  dichloride  - 75^ 
carbon  tetrachloride  - 25^ 


13-3 

: 1500 

: 11/9  : 

3 

64.4  ; 

13-6 

: 1500 

: . 11/9 

3 

; 58.9  ; 

36 

Julius 

; 450 

: 10/6  : 

3 

; 89.7  : 

80 

94.‘7 

58..0 

95.8 

66.4 

73.3 


Natural 

pcpulation 


96 


t,'.  65 
- 96 


83 


8 

35 


■66.8  ..;,,.  • .87 


69 

0 

66 


(continued ) 
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Table  8»  continued* 


- 

per  cent 

Mortality 

Bin  NO. 

Capacity 
(bushels ) 

pate  ; Dosage  per 

treated  t 1000  bu. 

Test 

probes 

Natural 

population 

Ethylene  dichloride 

13-4 

1500 

• 

11/9  s 3 

49.6 

— 

Pennington 

Dade 


Pennington 

X3-7 


Hodgson 

Kirkpatrick 


Ethylene  dichloride 
C&rbon  ^trachloride 
Ethylene d ibr  omide 


560 

500 


10/5 

10/13 


- 67.5% 

- 22.5^ 
10%  . 

3 

4 • 


Ethylene . dichloride  — 71^ 
Carbon  t etrach  1 o r ide  — -245^ 
Ethylene  dibromi^e  — 5^  . 


-670-r 
1500  : 


; 10/5  . 

/ -I0A&- 


' 3 ' ’ 


Carbon  t etrachlor ide  — 95% 
Ethylene  dibromide^  — 5%o 


500 

1500 


10/5 

10/5 


3 

3 - 


Carbon  tetrachloride  — 90%, 
Ethylene  dibromide  — 10^ 


Swanson  : 

1300  : 

10/s  ! 

2 

; 97.5  : 

98 

Kirkpatrick  ; 

1300 

loA  ! 

3 

: 98.1  : 

70 

Walsten  ; 

500  : 

10/5  : 

3 

; 96.5  : 

75 

Swanson  ; 

1300  ; 

10/5  ! 

4 

; 99.6  ; 

100 

Dade  : 

500  : 

10/13  ; 

4 

: 100  ; 

98 

99.8 

98.1 


96.0 

86.4 


97.8 

87.9 


20 

100 


'“6 

86 


25 

40 
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Rate  of  penetration  of  .pumigants  in  stored  Vfheat 


Duri*ng  the'  ‘pa-sf' quarter , further  observations  were  made  on  the 
rate  of  penetration  of  fumigants  in  wheat  stpred.ih  steel  bins#  in 
wooden  2ver-norml  Granary  bins#  apd  alse^  in',,wo'6den  farm  granariefe. 

The  r»te  cf  penetration  of  the  gas^warsJ.deteYmiried  by  placing  test 
probes  containing  living  insects  in  the  gfain.'  ' A*  sufficient  number 
of  probes  were  put  in  the  grain  so  that  one  probe  could  be  withdrawn 
at  one-hour  intervals' after  fumigation  and  the  insect ^mortality  dOr 
termined  at  various  levels#  until  the  maximum  kill  had  been  effected. 

Six  compounds  and  mixtures  were  u&ed,'-  /^e  rate  of  penetration# 
as  evidenced  by  mortality  at  various  levels#-  are  given  in  table  9. 

In  general,  the  results  indicate  that  in  t^ight  bins  the  vapors  o-f 
the  fumigants  used  in  these  tests.. reach  the  bottom  of  the  bin''within 
3 tc  4 hours  after  application  to ‘the  grain  surface.  However,  in  - 
loosely  constructed  wooden  bins#  W’ith  grain  surfaces  exposed  to  out- 
side air  currents#  the  gas  may  be  dissipated  before 'a  lethal  concen- 
tration^ can  be  attained  in*any  or  ail  parts' of  the  grain  mass* 
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Ta-ble  9 ;r-rRAte.'^>f  "pene^tration  of  various  fumigants  in  wheat  stored  in 
^,stee.l-aiid' wooden’ bins Hutchins  on » K^-nsae-f- October#  1944, 


• :per  cent  moriality_  ^4  hrs 

after  removal  from  bin 

No.  hours  . , . r ;•  6 ft. 

after  fumigation  " : level 

4 f t , 2 3 ft .“ 
level  2 level  - 

level 

Floor  2 Mean 

; * 

carbon  tetrachloride#2  gale. 

per  m/ou.  1000  1 

}U.  steel 

4 

1 

bin#  7 1 

grain 

1 

; 51.9 

i 20.0 

24.1 

31,4 

2 

' 100 

2 45.7 

39.7 

63.5 

. 3 

' 100 

:100 

74.1  ; 92.2 

4 

• ' • 100 

s 95,8 

93.2 

95.8 

5 

: 100 

2 100 

96.8 

99.0 

6 

: . 100-- 

:100 

100 

100 

: 7 

: : 100 

n t et  r a chi  or  ife:  - - ' 26^ ; 

fioo: 

100 

100 

Carbo 

- - • • 

Ethylene  dichloride — 755^j 

4 gals 

per 

^bu. 

*1 

# luuu  bu.  steel  bin#  Y 
. : JOO' 

gram 

« ♦ 

2 16.2 

14.9 

55,9 

2 

: 100 

• 2 34.1 

' 

14.7 

61.6 

3 

• : 100  - 

2 69.8 

10.2 

57.7 

4 

* : iOO 

2 53.1 

:• . 

55.3 

68.6 

6 

^ ; iOO 

2 56.3 

42.0 

63.4 

a 

-I  ^ ; 100 

1 ^-.C2  100 

■ 

61.7 

82.6 

7 

• : l.QD/' 

: 97.2 

59.7 

85.8 

24 

48 

: •'  = : IOO 

• : ;ldO  - 

! ' 98.6 
2 100 

- ■ 

93.4 

100 

97.6 

100 

Methylene  chloride#  3 ^als.  per  M/bu.>  1000  bu.  steel  bin#  7»  grain 


0.5* 

*2.  83.6  2 

• 

• 

9 

• 

14.5  2 

21.3 

a 

2 42.9 

1.5 

■ . 2 ■'  49.1  ; 

• • 
9 

21.7  2 

16,4 

2 29,1 

‘ 2.5 

' ; 100 

• • 

32.5  2 

63.9 

2 66.4 

i' 

3.5 

• .2  88,4  2 

9 

24.4  2 

55.9 

2 54.7 

4.5 

. 1 * 2'  63..4  2 

• 9 

• 

30.8  2 

31.7 

2 39.7 

- 5.5 

' 

'■  97.8  2 

* 

95.8  2 

43,2 

2 82.1 

- 

‘6.5 

• 

* ;■  48.1  2 

9 

■ a 

. 61,8  *2_  .-■«  ^ 

25.4 

2 47.0 

; • - 2-4 

, : , 85.4  r 

- : 

■'4'6.2'^;L- 

58.9 

2 63.2 

... 

.carbon  tetra^loride #2’  gals,  per 

M/bu. , 

1500  bu,  wood  t 

)in#  9* 

• 

grain 

1 

* • ' • 

: : 100  ’ 2 

• • 
• 

69.2  2 

27.4 

2 70.0 

. -2  ■ 

i ’ - ^ ■■  -2  100  . '2 

• 

• 

97.2  2 

76.7 

2 93,3 

'3 

; * •;  100  : 2 

98.0  2 

94'.  3 

2 97.6 

4 

: - ; 100  , 2 

• 

100  2 

99:1 

2 99.5 

5 

-•  • *2  100  : : 

• 

97.7  : 

89.5 

2 96.4 

6 

- 

: i.  2 100  , 2 

i 

100  2 

97.1 

: 99.4 

7 • 

. *.  7 

; ■■  i 100  , 2 

98.9  2 

100 

2 99.7 

, carbon  tetrachloride'#  3 gals',  per  M/bu. i ’ 700  bu.  wood  bin#  5’  grain 


'1 

' ‘’  2 2 : 
; '2  30. 3 2 : 

15,2 

11.6 

18.9 

2 . ■ 

'2  35.6  2 . 

57.7 

34.1 

44.4 

'*  3 

^2  31.1  2 

13.7 

16,7 

18.9 

J ' 4 

u 13.2  2 ' 

38.8 

llv3 

20.0 

v5  ‘ . 

' ? 47.4  2 

••81  ."2 

— 

— 

’ - :6 

. T -^50.0  2 

89.7 

22,8 

55.1 

-7  • . 

2 55.3  ; 

30.6 

10.9 

29.7 

(continued ) 


Table  9#  continued 
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Per  cent  mortality  hr~s«  after'  removajL  rrom  pin 


N».  hcurs 

. S TTET 

s 4 ft.  8 s rt. 

: 4-ft.  ■ 

■I  ■ 

after  fumigation 

: level 

; level  .s  level 

: level 

Floor  ; Mean 

: 

0 

• 

t. 

carbon  tetrachloride#  90^;  ethylene  dibromide#  10^»  3 gals,  per 

M/bu.'#  6o6  bu.  wood  bin#  8^  grain  ^ 

; : : ; r ; 


1 

; 98.4 

1 : 27.3^ 

21.7  : 49.5 

2 

’ ; ■ 91.4 

: ‘ : 22.0 

15.2  : 45.9 

3 

’ : 93.6 

j ' : 56.9 

50.0  : 65.1 

4‘ 

‘ ; 100 

: : 76.5 

36.0  : 61.8 

5 

' ; 100 

: : 69.7 

1 

67*4  : 78,6 

0 

' ; 100 

: ; 100 

78.2  t .94,3 

7 

•;  ' 1 70.7 

1 - ; 83.7 

75.0  : 78’.2 

24 

■ : 100 

; 94.4 

77.6  t 90.7 

• - • f ' 

carbon  tetrachloride#  90^ « ethylene  dibromide j 

l Of.,  4 ( 

• 

^als.  per 

M/bu..#  500  bu.  wood  bin#  8^ 

grain 

' 

: i - t 

• 

• 

0.5 

;■  86,5 

: : 80*0  i 

90*6  : 85^0 

1.5 

: ‘ 100 

: : 

1 

4 

0 

94.7  i -- 

2.5 

i'  100 

: ; 93.3 

» 

» 

i 

0 

86.9  : 92*8 

3.5 

‘ ■ 100 

: ; 100  : 

0 

0 

97.6  J 99*2 

4.5 

! ; 100 

: ; 100 

0 

0 

98.1  : 99.5 

5.5 

; ; : 100 

: : 100 

0 

0 

95.0  : 98.2 

6.5 

. : ■ 100 ■ 

5 : 100 

t 

92.4  : 97.7 

7.5 

; : 100' 

: : 100  ' 

0 

0 

96.1  ; 98.6 

X 

carbon  tetrachloride#  95^;, 

X X 

ethylene  dibromid€ 

• X 

)#  5^#  3 gals,  per 

- 

M/bu.#  boo  bu.  wood  bin#  5 

grain 

1 

■ * . 

9 9 

: 70.4  : ' ■ 

32.1 

0 

32.7  : 43.0 

2 

: 95.6  ; 

40.8 

53.7  ; 62.2 

3 

: ■ 

: 75.0  j 

15.8 

52.2  ; 44.0 

4 

: 

: 71.4  .* 

27.9 

78.9  : 64.9 

5 

; 78.7  ; 

28.2 

73.2  1 59.3 

6 

; : 

41.2 

72.5  1 

7 

: 68,0  : 

85.5 

29.2  ; 62.0 

carbon  tetrachloride#  22,5% 

• • » ^ 

J ethylene  diohloride#  67.' 

; ethylene 

dibromide#  ld%;  4 gals,  per 

u/bu,#  500  bu.' wood  bin#  ? 

• ’ • * • 

grain 

0.5 

■ : 100' 

: ‘ : 90.9 

86.5  ; 91.3 

1.5 

* ;•  100 

: s 96.0  J 

86.8  : 95.0 

2.5 

' : -100 

: : 92,0  : 

65.4  ; 85.1 

'3.5 

■ 100 

: J 81.5  ; 

89.1  : 89.9 

4.5 

' ; 100 

: ' : 96.^4  s 

96,3  : 97.7 

5.5 

. : ;■  loo; 

: : : 97.^9 

100  ; 99.3 

6.5 

: 1,00 

; ‘ : 100  ' : 

88.9  : 96.6 

7.5  . 

: : 100. 

; ; ; 100  , ' i 

98.0  : 99.5 

Unfumigated-  control,  1000 

• » # V • 

bu.  :steel  bin.- 

2 ' 

• ’ : : ^ • 

X ' X ' X 

: * t ■ : 

: 1.0 

4 

* X 

« ! : : 

: '2.6 

. 6 

* . : 1 : 

: . 5.3 

-19- 


Effect  of  MS-gnesium  Oxide,  Al-inicide, DDT  on  the  Germination  of  wheat* 

In  order  to  test  the  effect  of  the  long  time  exposure  of  wheat  to 
magnesium  oxide#  Alnicide#  and  DDT»  a series  of  tests  using  12,  14,  and 
16  per  cent  moisture  wheats  were  set  up. 

seven* months  have,  elap-sed  since  these  tests  were  started.  Table  10 
summarizes  the  -results  of.  monthly' germination  tests,  ‘ . 

Twelve  -per  cent  moisture' wheat  shows  no  loss  in  germination  when 
treated  with  dosages,  of  either  qf'  the  three  chemicals#  sufficiently 
high  to  insure  protection .against  .insect  attack,  ■ 

Fourteen..per  cent  moisture 'wheat  "shows  some  loss  in  germination, 
but  in  most  cases  this  loss “is  hegiigible, .and  when  compared  with  the 
14^  moisture  checki  all  thtee^chemi cals. Igive  indications  of  having 
some  gerndcidal  value,. 


: . Table  10 1 — ^fect  6f ‘chemlcai- dusts  onithe;. germination  of  wheat. 


- 

■ 

• ■ J . 

- 

peV  .cent 

•'  ''"’-^percentage '-et  germination,  aft 

er_;  . 

moisture 

■I-'- 

4 : . . .5 

6.: 

7 

- . Treatment 

wheat 

Month 

Months : Months 

Months ; Months 

donths 

Months 

Mg02 

O.OSf. 

12 

•' 

' 4r-  i ■- 

^ . 1 ^ ^ 
92  i :.,9Q: 

• 

• 88  ; 96 

9b  . ; 

96 

do 

O.lfo 

90 

92  ; 90 

93  ; 93 

95“ 

98 

do 

O.Zf, 

12**''-- 

■ ' S9; 

<'-93v  90  t 94  ; 96 

90 

90 

do 

0.05% 

14 

88 

• 91  ; -.85  . 

86  ; 76 

82 

79 

do  . 

O.lf, 

14 

90 

90  : 87 

84  i 84 

83' 

89 

do 

o^f,  . 1 

14" 

■ "0^-. 

87'  i ' :.92-j,-. 

...63-  -83 

84 

82 

do 

o.z% 

..  ’ 

■ 92 

"64  ; 77 

...78  : 75 

DDT  -:(Conc, 

) Q.Q5% 

12 

95'  93  , 

--86  89 

96 

93 

do 

o.lf. 

12 

91 

" 86  ; . 90  - 

90.  j 92  . 

94 

93 

do 

o.z% 

12 

90 

90  i 90 

i.  .95.  :..,:95 

95 

91 

do 

o.z% 

14 

93 

84  ; 89 

90  ; 89 

do 

0.2% 

16 

89 

74  ; 78 

78  : 65 

Almicide 

o.z% 

14 

95 

s 

85  ; 80 

89  ; 82 

do 

o.z% 

16 

94 

69  : 77 

74  : 68 

Check 

12 

87 

86  ; 93 

87  : 94 

93 

93 

do 

14 

88 

82  : 87 

75  1 71 

65 

64 

do 

16 

91 

86  : 70 

* - Reported  by  J.  C.  Frankenfeld 
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I^gnesium  Oxide  for  seed  Treatment 


In  previous  tests  described,  in  Report  No.  12 » pages- 22-25,  it 
was  shown  that  jna’gnesium  oxide,  with  a suri‘ace-mean‘  particle  diameter 
of  less  than  0,25  micron,  gave  excellent  protection  to  seed  from  in- 
sect attack  when  mixed  with  seed  9it.  the- rate  of  '0.1  per  cent  by 
weight  or  more',  in  view  of ' theVork- of -British  scientists  with  inert 
dusts  which  indicated  that  particle  size  was  closely  correlated  with 
insecticidal  properties,  ip  ..seemed  ..desirable  t‘6' .experiment  with  various 
commercial  sampTes  oX 'ma^esiiim  oxide-  to  determine  whether  or  not  there 
were  any  great  di-f'fere'hce’s  in  their  dc'seeticidal  efficiency. 

With  the  assistance- -of  Db-alTi'  C.  'Roark^ '.Chief ‘ of  the  Division  of 
Insecticide  Investigations-j  ^md" various*' chemicai  companies,  a representa- 
tive number  of  magnesium  oxide  dhd- related ^dusts  were  assembled  and 
tested  under  laboratory  conditions,  to  determine  their  relative  efficiency 
in  protecting  wheat  seed  from  the  attadk  of  the  rice  weevil..  The  rice-_  ■ 
weevil  was  chosen  as  the  test  insect  since.  the  .immature  stages  are  con- 
cealed within  the  seed  ahd  are  nob  subjOct'  to  the  action -of  the  dust.*'*^ 

This  feature  makes  it  more  difficult- to  dbriti^l  with  dUsts  thah  free- 
living  species  of  grain  infesting  insects,  . 

. . ' , ’ . 'J'*'  - 4 % 

*'**'',  i 

Tests  were  conducted -at., room  temperature,  70®  to  75®  F«>  with  ^ . 

wheat  of  12  -per  cent  "moisture  Content. 


Five  hundred-gram  samples  in  duplicate  were-- treated  with  each  dust 
at  the  rate  of  .05  per  centr-and- 0. 1'-per  c'ent  by  weight  and  ‘ infested,  with 
100  rice  weevil  adults.  -.Observations  were,  made  at  weekly  intervals 
until  a complete  mortality  Of  the  ih’sedts  was  obtained  or  the  treatment 
was  found  to  be  ineffective.  The  results  'of  these  examinations  are 
given  in  tables  11  and  12.  : 


% 


♦-Reported  by  R.  T.  Cotton  and  J.  C.  
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Tab Insecticidal  action  of  magnesium  oxides  and  other  dusts  against  the 
' ^ Tice- weevil  in  seed  wheat  of  12^  moisture  content,  500— gram  lots  of 

•V  ’ seed  treated,  at  rate  of  0.5^  by  weight  and • infested  with  100  rice 
-J-  “ ■ weevil  adults.  • 


particle 

>> 

Number 

* 4.  , 

Cost 

size 

per  cent  kill  at  end  of  week  Not*-' 

progeny 

per 

S.M.D* 

- 

after  ■ 

'Material 

ib . 

microns 

1 

2 

3 

4 

5 

■ 6 

7 

10  wks. 

G*  M*  & M.  extra  light 

^25 

-0,2 

‘ 37 

63 

73 

89 

97 

'97^ 

-000 

79 

'calcined  magnesia 

-0.2 

- 36 

58 

80 

89 

100 

K.  &‘M.  Co.  light  calcined 

.-0.2 

60 

82 

86 

95‘ 

' 96. 

98 

100 

14  * 

naghesia 

. -0.2  . 

56 

78 

87 

92 

98 

■ *98 

,100 

7 

Michigan  ^30  light  calcined 

0.2 

84 

\ 

100 

14 

magnesia  tech. 

0.2 

83 

- 100 

16 

Baker  Chem.  Co.  magnesium  - 

2.26 

-0,25 

83 

100 

18 

oxide  pcwdered  ' . - 

-o;25 

93 

100 

9 

Westvaco  magnesia  663  B'rd. 

.025 

0.4 

43 

70 

78 

96 

•loo 

23 

do 

•0.4 

47 

68i  84 

95:  100 

14 

Westvaco  66 5 magnesite 

’.025 

0.4  ' 

54 

84 

92 

98 

100 

28 

powdered  chemical  grade 

'7  • 

■ M 

32 

60 

90 

96 

100 

31 

westvaco  mgnesoi  (Syu. 

• 04 

..0.4 

77 

'93 

98 

98 

100 

58 

magnesium  silicate) 

0,4- 

87 

96 

97 

98 

100 

61 

Michigan  ^Ib  Heavy  calcined 

.03: 

0,4  . 

42 

90 

100 

43 

magnesia  Tech. 

.0,4 

62 

93 

100 

8 

Schundler*s  :^666"  seawater* 

.045 

0.5 

34 

52 

79 

92 

100 

49 

magnesite  - 

. Q.5 

26 

43 

73 

92 

100 

71 

j 

G.  M.  & M.  heavy  calcined  • 

- 

.,08. 

0.6 

35 

63 

90 

100 

41 

c • magnesia  - 

0.6 

45 

76 

97 

99 

100 

: 49 

Westvaco  ^2665 -mgne site  ' 

0.6 

4 

24 

* 77 

96 

100 

; 76 

(99^  through  325'  mesh)’ 

0.6 

37 

62 

88 

100 

62 

Golwynne’s  Shamva  heavy 

• 

o 

00 

0.8 

18 

_37 ; 74 

91 

100 

41 

calcined  magnesite 

0.8 

32 

60  j 84 

96 

100 

28 

Schundlef^s  siorra  Oxy- 

.045 

1.9 

21 

35 

.52 

77 

97 

100 

118 

chloride  maghesite* 

1.9 

17 

29 

39 

80 

96 

100 

65 

-•S^undler  »s  ^661  Seawater 

.C425 

3.4 

9 

9 

9 

21 

41 

67 

90 

333 

magnesite 

'3.4 

4 

9 

9 

16 

39 

74 

94 

254 

Monsanto » s • Ferr ophosphorus 

8.0 

0 

4 

6 

6 

8 

15 

37 

300 

Lot  D900  ' ' - 

8.0 

5 

4 

4 

- 5 

6 

24 

36 

253 

Check 

- 

2 

3 

12 

17 

19 

20 

20 

666 

Check 

0 

0 

15 

19 

19 

24 

24 

720 

Table  12  insect ioidal  actions  of  magnesium  oxides- and'  other  dusts  against 
- “■  the^'r'ioe  weeviT*  in  '’seed"  ofr*l'25r’^mol'stWe''^ch^^  ^ 500-grain 

» lots  of  seed- treated- at  rate.. of  by  v;eight  and  infested  with 

. ; ■ -lOD  rioe  we'eviT*' adults’ 7 : . 


~r  ^ ■ : ;a^ar-;,:j cj.e 

; *'  ; 7-  . ;••  : ‘^.Cost  ’;jl2'3 

::•  • •.  . ; ■ . • . ; . ; ? por  S>M.D* 

; : : Material;  ; ; lb. 

percent  kill  at  end 
. v)f  week  number  . 

NO.  of* 
progeny 
after 
10  wks . 

1 : 2 

3 

4 

G-M.  <ScJi-  extra  light  calcined  magnetsia  G-i,r,5.:  -Ch.E 

87:  100 

‘ • 

0 

: : ; . do  : - : : % -0..2 

86 : 90 

100 

0 

K-.  & M.  Co.:  light  calcined’,  magnesia-  •, 

■-100: 

0 

• 'do  ' - '■  r'’  b -0'.2 

100: 

0 

Michigan  :^30  light  calcined  magnesia  : ^ 0\2  , 

. 95.x  100 

h- 

0 

tech..  1 ' do  . .•  . ; _ . ' 0;,2 

'96‘i  100 

■ ' ' 

4* 

0 

Baker  phem.^  Co,  magnesium  oxide,  pwd^  : 2.25,;  -0^.25 

86:  100 

: 

© 

: i-:  I ^ •“Pi.,25} 

•:  93  ? 97. 

100 

0 

Wpstva.co  imgnesia  pov'-dered  ' 025:i  G.‘;,4 

3 00:  - 

0 

• ; dc  i ; ; ; ; ;;  0;.4 

100: 

0 

Westvaco  ^2.665' n^nesite  pwdi  Ghem^r.irr^de;:.-;. 025;:  . .•  p^4 

•3.0.0,;,,.../  , 

0 

i : . . . -.Oo  ; iS...  0;,4.. . 

100  ' 

• 

0 

Westvapo  M2L|neso3.;^;y:i,iri.agnesium  silicate):  .04  .:  0?.4 

97:  100 

- 

0 

; * : : dp  . ' .5,  . 0..4 

.100:  . 

' . 0 

Michigan  ^15  H^ayy  calcined  imgnesia  .03  0-..4 

m:;._98 

100, 

0 

tech.  .do  ; , : -:  0>4 

83 : 99 

100 

2 

Sphundler'-s  ^66p  sea^ter.  m.agr.e^ite  : .045;:/..  . 0u5-.>;ii;'' ;G'7:/--98 

.1,00 

. . 

• 0 

; ; do  ; Oi.5 

88:  9S 

-98 

100 

0 

G.M.  M.  heavy  calcined  magnesia  . ; ,08  ;:  0;.6 

93:  97 

100 

0 

. d c ; :!  *. . 0;.  6-,  . 

■ 80:  95 

100 

- 0 

Westvaco  :^C£5  magnecite  99^.  through  .ij  J 

100: 

0 

32o  mcsb  . : ' ; ^ 

: 

; ; .dp.  . . 0;,6  ; 

.ii98:-  100- 

0 

Gplwynre’s  Sha^a  heavy, calcined  .mag.  :.',08  -c  0^.8 

100: 

0 

: .do  . , . : > 0>8 

100: 

0 

D.cw  Chemc  Co.  S8-5iule  No*  2;  ; . ' ;:  1-2 

r:  8 (.X^,100 

... 

0 

. . do  ; V ^ >:  Ir^. 

' 87:  :99 

-100: 

0 

Dow  chem.  Cp,  sa-mple  No.  3;  : > : ^ lr*2 

95:  100 

0 

I , • do  - ‘ 7 . ' ' j'  ^ . Ir2 

.•92.:  IGO. 

0 

Dow  Chem.  Co;- S^^niple  NQ.  4.'  . . • . ^ 7,  4 lr'2 

94.:;  100 

3 

. . .dc  , : ; s • lr2 

93:-  100 

0 

Schundler  ’ s.  Sierra  ■ o.xychlp.vide  magnes  ite;:  ^ 045  : ' 1^  9 

70s.  .-ei 

94 

100 

0 

.do  y i»9 

63; 86' 

96 

■100 

0 

schundler  »s  Seayater  j^magnesita  :,0425;:  3>4 

19:  27 

30 

65 

4 

1 * . . . vaO  - 7 ■ , . . i } ',,‘i,\3>4'.— 

IP':  :i&. 

• IS 

.40. 

3 

Mpnsau-t 0 .» s perrophcsphorus,  Lot  D900;  : x 8*0 

4:  5 

8 

9 

1 

; . r ; : 5 >8,0 

4 : 5 

10 

10 

5 

M.»nsanto»s  Aluminous  cxi.de  D901^  : : - ; ll>0'-r.- 

, -.€|  12 

32 

2 

dc  , , ; ; X X livO 

4:  7 

8 

21 

5 

Chccic  ^ ; : i : ; ; 

0:  0 

0 

0 

60 

do  . . . : . ; ; f 

0:  0 

0 

0 

98 

G-  M.  & 'M-  •“  •Gonerr.l  ^.*agnesite  and'^M^rgno^ia-- 

£.  & Co.  *:  iCtaity  A^i’d  l/attiiou  Co. 


-23- 


From  the  data  of  tables  11  and  12,  it  is  evident  that  a wide  range. 
of  commercial  grades  of  magnesium  oxide  are  effective  in  protecting”"  """  ' • 

••••“•“^ed  .wheat' from.’t^  attack  of  th^'r^ce  weeviP  when  u‘i^ed^at- .the  frate  of 

0.1  p.er  ..cent' by  weight.  ' i dosiage  of  0.05  per  cent  by  w'eight,-  a*ltii-CHa;#x ::v..  , r'.; 

effective  in  killing  the  adult  weevils,  did  not  kill  them  rarpidly^ei^ugh.  • 
to  prevent  some  reproduction.  In  general,  the  magnesium  oxi-de-s.  with:a 
surface-mean  diameter  particle  size  of  less  than  1 micron  were  the  -most  - .• 

effective  and,  afforded  satisfactory  protection  at  the  .'1  per  cent  by ' . 
weight  dosage. 

• <phe  cost 'of  these  materials  varied  from  2|-  cents  per  pound  to 

$2.25  per  pound  with  many  of  the  cheaper  compounds  being' just  as : effect iT® 
as  the  more  expensive  onesj, 

Volumihpsity,  while  important,  did  not  appear?  to  be  directly  c of reTat'ed 
with  eff  i-cie^y,'-e»*-^^.*^olwynnet5.>^5haii;Ka  hieav  oalcjined  magnesia  -tech,-  •„ 
with  a volum^osity  of  60  cubic  inches  per  pound  killed  as  rstpidr^aTs  / 

Keasby  and  l^ttis.on’s  light  calcined- magnesia  with- a v=olumino4sity  of- 470 
cubic. inches* per  pound  and  slightly  more' rapidly  than  Of  M.  & M.  extra 
"light  calVihed  magnesia  with  a v'e luminosity  of  660  cubic,  inches  per  potund.-.. 

Tests'  have  been  started  with  Michigalti' ^15  heavy  csrlcined  nAgnesia  to,-;.^;;; 
determine' its  effectiveness  a^inst' 'insects 'bthef» than -the  rice  weevil. 

'This  material  was  chosen  on  account  of  its  lew  cost.  Results  of  these 
tests  with  the  confused  flour  beetle  and  the  cadielle  are:  given  in, table  13. 


Table  13:  — Insecticidal  action  of  Michigan  ^15 'heavy  calcined  magnesia; 

against  the  confused  flour  beetle  and  the  cadelle.  500-gram 
samples  of  12^  moisture 'wheat  infested  with  100: adult  flour 


beetles  or  25 

cadelle  larv&e. 

"'tper  oenb 

kill 'at  end  of.' week;  No. 

posage  magnesia  by  weight 

insect 

3 ; :4 

5 

■ ;.o5f. 

Flour  beetle 

■ ■ 

i * 

.5  : ;24  '■ 

- 

'.1% 

do 

1 ••  • 

23  : . 84 

do 

33  i 

100  J 

.Check 

do 

■ -a 

- 0’  ’-i-  : 0 « 

- ' . 

- - 

Cadellei. 

16  ‘ 

^4:  a : 

52 

Check 


do 

do 


20 

0 


64 

16 


From  the  data  of  table  13  it  is  evident  that  the  magnesium  oxide  did  not 
kill  the  flour  beetle  adults  or  the  cadelle  larvae  as  rapidly  as  the  rice 
weevil.  However,  no  reproduction  of  these  free-living  species  occurred  so 
that  it  is  logical  to  assume  a dosage  of  .Ij!^  by  weight  would  eventually 
destroy  infestations  of  these  species  that  might  be  in  the  seed  and  would 
protect  the  seed  from  further  infestation. 


Field  Tests 
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Field  tests  with  inert" and  chemieal- dusts: are 'now  undsTway^ at  the  • 

Ft.  Rfi-ys  Experiment  station#  Hs^ysi  Kansas,  R^r^e . quantities,  of  high  grade 
sorghunu  wheat,  barley,  and  bat-  seed  were, available  for  treatment  and ’seed 
was  treated,  in  bushel  lots,  resaoked  in  cotton- bags  and  placed  in  the  ’seed 
warehouse. /?f  the  experiment  station.  The  longtime  storage  of  this  seed 
will  provide  a real  test  of  the  efficiency  of  dusts  in  protec'tiing  seed  from 
insect  damage,'  In  addition  to  the-  Michigan  ^16  heavy  calcined  magnesia', 

DDT  in  combination  with  this-  material,  pyrophyllite  and  micro  mag*  to  make 
a 3 per  cent  mixture  was  included  for  comparative  purposes i Treatments 
given  the  various  seeds  are  listed  below* 


Amount  dusi 
added  per  bu. 


Number-s  ; SQQd  Quant ity 


Dust  used 


1-4  : VVheat 


7-8 

9-10 

ll-i2 

13-14 

15--18 

17-20 

21-23 
24-27 
2 8-31 
32-33 
34- -35 
36*  *3  7 
38-39 


do 

• . 

do 
; do 
: . do 
; do . 

: do 

: Sorghum' 
: do 

; . do 
: do 

: do 

; do 
: do 


1’  bu, 
do 
. do 
do 
- do 
do 
do 
. ■ do 

i bu. 
do 
do 
do' 
do 
do 
do 


Michigan  heavy-xsalciped  mashes  la.  i by  wt 

DDT  in  Mich’4  Hi  C*  jfe.gn^ia  i do 

DDT  it-  Micrb  mftg  , 
i ^ db.-  ..  ^ . :.v  r . 

^3%  DDT  in  pyrophyllite 
"do-  :•  . 

Check’  - 'rj.:  . • 


Michigan  ^15  heavy  calcined  magnesia' 
3^  DDT  in  Mich.  :^15  H.  C.  J/^gnesia 
do 

3^' DDT ‘in.’ Micro  mag-  - - • 

’ "--do'  • • 

3^  DDT  in  pyrophyllite 
"do  - 


40-41  . 

-do  ; 

- • • .do  . 

; Cheeky 

1 . y • 

42-51- 

t - Bai^y." 

l-bui... 

Michigan  ^16  ;heavy  calcined 

magnesia 

63 

; do  ' ; 

• % 

do  ‘ 

: Check 

* • I * t ' f . 

34-56 

••  • 

: Oats  ' : 

_'l.  bu*. 

■: Michigan  ^jtlS  heavy,  calcined 

magnesia 

,065^  by  wt. 

by  wt, 
,05^  by  wt. 
,1%  by  wt. 
by  wt. 


,1%  by  wt, 
do 

,0S^  by  wt, 
.1^  by  wt. 
.05^  by  wt. 
,1%  by  wt. 
,05^  by  wt. 


,lfo  by  wt, 
,1^  by  wt. 


^ A 


Micro  mag’  » ZS  ,0^  magnesiU'm  oxide  and  63,7^  calcium  hydroxide. 
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Effect  of  Fumigation  on  Baking  Quality 


In  connection  with  our  experimental  work  oh  the  of  fumi^ 

gants  on  the  germination  and  baking  quality  of  wheat  Whidh  was 

summarized  in  Report  No,  13#  pages  24  fco  28>  it  is  of  interest  to  ■ 

record  data  obtained  on  changes  In  fat'  acidity  and  baking  values  of  • 
wheat  stored  at  jamest own v- North  Dakota,  One  series  of  9 bins  re-  ' I 

ceived  an  annual:  fumigation  with' a^^3-T  mixture  of  ethylene  dichloride'  ! 

and  carbon:  tetrachloride#  plus  10^  methyl  bro^de#  at  a dosage  of  2 ' f;. 

gallons  per  .l#000  bushels.'  'Another  similar  series  received  no  treat-’  , ' [ii. 

ment.  samples  of  wheat  for  baking  tests #.  fat  acidity  tests » and  ^ |!| 

germination  tests#  were  taken  from’ all 'bins  at  the  tfme  of ’the  annual  ' || 

fumigation  for  the  years  1941#  1942,  arid  1943^  *’  :*  j 

‘ > ' ; ’ - - H; 

In  the  fumi^ted  series  an  , aVerage*. lass  of  viability  of  more  i j 

than  50  percent  occurred  over  the  3-year  period  whereas  in  the  un-  ’! 

fumigated  series  the  average  loss  in  viability  was  less  than  10 

per  cent.  \\ 

- Changes  in  fat  acidity  and  baking  ■values  of  the  wheat  in  the  j| 

two  series  of  bins  are  indicated  in  tables  14  and  15^'-  ! 

r --  1 ' ' j : 

The  data  of  tables  14  and  15  indicate  little  difference  between  | 

the  various  lots  of  wheat  with  respect  to  changes  in'  bakihgr^valubs  , 

and  fat  acidity  regardless  of  whether  or  not  the  wheat  was  fumigated' 

or  whether  the  germination  was  reduced  as  a result  of  fumigation,  ■ i' 

■yv^hen  baked  by  Method  Ne*  2 most  wheats  showed  a gradual  loss  in  loaf 

volume  over  a 3-year  period#  whereas  when  baked  by  Method  3a,  a ' ' 

general  increase  in  loaf  volume  resulted.  This  agrees^well  with  the  j 

results  of  our  experimental  work  summarized  ,in  Report  no.  13.  j 
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Table.  14;—-  changes-'in^-fat  acidity  and  -baking  values  of  ^ wheat  stored  at 
r )'A  -.Jamestown/  North  Dakota  and  fumigated  once  annually,  with  . 

. ethylene ':dichloride  - carbon  tetrdchloride  - methyl  bromide 


“ 1*. 

mixture  i'*  ‘ ; ' 

Loaf  •volume  • . • 

Difference ; Loaf  v 

dlume 

,n)ifference 

ft 

ft 

Bin 

by  baking  method 

.in  Jroaf 

by  bak 

ing  method  ; in  loaf 

1 

NO. 

NO.  2 

(00) 

: volume ' 

• • NO'.  3a 

(6  c) 

‘ / : volume  ' 

pat 

acidity 

: 1943 

.'194? 

1943:  1943  -43  ;1941.: 

1942; 

1943 

R-1 

963 

936 

rj 

; 916 

C* 

-47-‘-' 

V , .t  - • 

m 

962  r 

• 

962  ; 

936  ; -26 

• 

• 

22.2; 

: 

28.5: 

36.8 

R-2 

851 

879 

: 789 

-72 

871  ; 

914  : 

882  ; +11 

21.07: 

.29.7: 

39.2 

s-1 

886 

876 

; 830: 

- . -55  ■' 

871  ;■ 

920  ; 

898  : . +27 

19.3; 

23.9: 

33.4 

P-5 

968 

985 

; 983  1.  V.  +15' • 

1000  ; 

971  ■; 

950  ; -50 

14.7; 

25.1: 

34.4 

Q-5 

994 

954 

: 914. 

. . -80 

- 950  ; 

968  : 

986  : +36 

18.2:. 

2 6,'.  8: 

38,9 

R-5 

905 

933 

; 917 

+12 

882  : 

954  ; 

985  ; +103 

20.95; 

27.4; 

39.5 

S-4 

862 

888 

: 795 

-67 

832,  ; 

882  ; 

876  : +44 

22.83; 

27.3: 

35.6 

G-5 

862 

8S6. 

781- 

''844'*:- 

878  ; 

-883  +39 

23.9; 

27.8; 

29.9 

H-5 

865 

- 

; 755 

• -110  * • 

'*'914 

' • V 

• 

905  i " -9 

17.1: 

^ • 
• 

33.0 

; 

: 

• 

• 

,, : 

• 

• 

Table  45 -s  — Change  a.- in.  fati  acidity  and  baki'rig  Values,  of  wheat  stored  at 
Jame.stownrjr  North'  Dakota  without 'trea^meritV*" 


Loaf  volume 

:Di^i^erence 

Loaf  volume 

xDifference 

» 

1 

Bin 

by  baking  method 

: in  loaf 

by  baking  method 

in  loaf 

NO. 

No.  2 

(co) 

: volume 

No . 

3a 

(00) 

s volume 

pat 

acidity 

: :94i 

1942  ; 

“1943 

: l$41-43 

1§41 

• 

• 

1942  ; 

1943 

1941-43 

T54TT 

1942: 

J"1 

902 

• 

908  ; 

853 

: 

: -49 

965 

: 

• 

« 

• 

9 

936  : 

946 

-20 

• 

20.85: 

• 

26.2: 

32.0 

K-l 

920 

873  ; 

882 

: -38 

934 

• 

• 

971  ; 

992 

+58 

23.  6; 

28.4: 

38.4 

^-2 

945 

914  : 

856 

; -89 

937 

• 

• 

943  : 

950 

+13 

21.6b 

22.8: 

31.0 

?-3 

936 

879  : 

911 

; -25 

920 

• 

♦ 

897  : 

885 

-35 

19.4: 

28,6: 

37.7 

^-3 

899 

922  : 

873 

: -26 

914 

916  : 

925  : +11 

18.1: 

27.3; 

36.0 

R-  3 

847 

899  : 

842 

; —5 

925 

982  : 

925 

0 

19.97: 

27.3: 

34.4 

S-2 

948 

945  : 

897 

: -51 

928 

# 

• 

950  : 

968 

+40 

18.2  ; 

28.6: 

38.9 

G-3 

812 

812  : 

792 

; -20 

885 

« 

• 

954  : 

926 

+41 

22.8: 

26.3: 

32.2 

H-3 

908 

899  : 

- 

: 

914 

• 

928  ; 

- 

15.9: 

26,3: 

- 

X 

i 

s 

( 

i 

♦ - Data  from  U.  S.  D.  A-  Baking  and  Milling  Laboratory;  Washington#  D.  C. 


Effect  of  Temperature  and' the  Moisture  Content  of  Wheat  upon  the 
survival  and  ^^eproductiqii  of  the  , Granary  and  Rioe  Weevils 

t ^ ^ ^ , 

i : ' T ■ - _ 

' * ♦ ' * ^ * 

On  pages  3&  and  37  of  Report  No.  13" we  discussed  the  effect  of 
temperature  and  cgra.in  moisture^  on  the  granary  and  rice  weevils  when 
held  at  a constant  temperature  of  60°  F«'  At  the^- tame  that  report - 
was  prepared  this  series  of  tests  had  been  in  operation  for  13  weeks.  . 
The  work  herewith  reported  is  a;  continuation  of  the  above  described 
tests.  In  table  16  is  listed  the -percentage  of  survival  of  adult 
weevils  at  the^end  of  15,  17,  and  19  weeks*  ' As  was- 'indicated  in  the 
previous  report,  the  percentage  of  survival  of  both  the  granary  and 
rice  weevil  increases  As  the  moisture  content  of  the  wheat  is  in- 
creased. m the  9^  mQis'^ure'Wheat  there  was  only  a very  small  per- 
centage of  survival  iu  the  ca^e  of  the  -rice  weevil'after  the  first 
week.  By  the?  end  of  the ‘13th' week  all’'adu'lts  had  died. 

Although  a comparatively  high  survival  of  the  granary  weevil  is 
noted,  reproduction  by  this  species  at  60°  F.  is  very  light,  and  then 
only  in  the  12,  13,  and  14^  moisture .wheats.  In  the  case  of  the  rice 
weevil,  no  reproduction  occurred  in  the  9 and  1(^  wheats;  a small 
amount  in  the  11  and  wheats  ; ' and  a^  fairly  heavy  reproduction  in  ' 
the  13  and  14^  \vheats.  . ]WitK  bo.th  species  the  tendency,  even  at  a 
temperature^  of-”60”  j'.,  is  for  increased  reproduction  as  the  moisture  ' 
content  of  %he  wheat  is  increased.  . see' table’^s  17  and  18. 

It  is  ^interesting  to  note  tha-t  in  the  case  of  the  granary  weevil 
no  reproduction  occurred  until  the^lO  and  11th, weeks.  This  delayed 
reproduction  on  the  part  of  the  granary  weevil  was  likewise  observed 
in  the  tests  conducted  at -A  consta-nt  temperature  of  65°  F. 

since  both  the  granary  and  rice  weevil  reproduced  at  60°  F*^  .our 
investigations  were  continued  by  reducing  the  temperature  to  55°  F., 
using  the  same  moisture  variants..;  This  new  series  of  tests  has  been 
in  progress  for  seven  weeks,  and  ..the  results  of  biweekly  examination 
are  listed  In  table  19.  ^Ag®^in,  as  ? in  the  tests  conducted  at  a constant 
! tempc-raT:ure"df  60°  F.  thA  percentage  of  sur^itral  increases  as  the  ,,  . 
moisture  cc‘ritent  of  the  Wheat  is-  increased,  A higher  percentage  of 
''Survival,  at  each  moisture  variant  is  noted  Tor  the  granary  weevil,,  as 
compared  to  the ’'rioe -we^yU . • 

NO  reproduction  at  any  moisture  level  for  either  the  granary  or, 
rice  weevil  has  been  obtained  to  date,  — • 
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Table  16;  percentage  of  survival  of  the  granary  and  rice  weevil  at 
60*  Fi ■ in  wheat  of  various  moisture  content. 


Moisture  conten'b 
of  wheat 
and 

Insect  used 

percentage  i 

survival  after  : 

Total 

reproducticn 

i T7 

Waa^Sri.:,, Weeks  . 

19  ; Average  survival 

•Weeks  : after ‘ l9 .weeks 

9^'  Wheat 

‘dVana.ry  weevil 
.■  '.^9 

Rice  weevil 
do 

10^  Wheat  . j 

t ^ . 1 

- •■•’•I 

• 

20  -U 

.-..16  : 10  - 

0 . 0 

0 ; 0 

• 

' r 

* •«  ^ ■ 

• 

11-  r*’-  - • 

'■  • 

10  / 

■ • 0 •fv'v  . O'-  -■  \ 

■ *•  * *'V',  *J r.  * •'* 

• 

' »■’  . " ^ a ..  • 

t 

i 0 

i . '-o  , 

; 0. 

: 0 

• 

• , '■f  - 

‘ J 

*■' 

Granary  weevil: 

50 

• 

• 

-^.-50  •; 

-.■40  : • • 

'o 

do  : 

50 

• 

% 

50  ; 

36  : 

38 

0 

Rice  weevj.1  , : 

14 

< • 

8 

0 

• -,‘.  :^9  ' s 

14 

-i 

. ’14"^i 

. *‘2  - ■ ; ;■ 

. 1 

0 

- 

. 1 

. ••  J X 

2 •• 

*■  * * 

11^'  Whea't  _ . : 

• 

. • 

•.  * 

X 

• ' ■ t 

■ I • 

• *'•%*,  j * 

Granary,  weevil 

- -.'B6  . 

# . 
m 

.86-  j. 

- -80  - 

- • 

0 

do  ; 

88 

0 . 

s. 

• 75 

0 

Rice  weevil 

52 

# 

• 

:48-:  i- 

6 ;i  - 

40 

do  t 

40 

• 

• 

36  5 

2 i 

4 

26 

12^'  Wheat 

.4  J 

„ - 

*- 

■* 

.* 

>V»  j X^ 

;■*  ’ X 

« 

1 

Granary  weevil 

-.-72. 

- 72  ■ 

1 

4 

27 

do 

82 

t 80  : 

78  ; 

75 

31 

Rice  weevil 

..-32 

• *■ 

'•.V  20. 

58 

’■  /db 

•..24  • 

- .;.16  -,4; 

18-- 

• 18’  ' ' t 8 

,•  ^ * i 

13^  Wheat  ’ ' ..  j . 

« 

• ■ ' •- 
• , -i-  : 

-I  . 1.  - i uvS-: 

Granary  weevil;  ; 

V uv  ;9-0  •; 

90  ■*  " 

61 

do 

.96  . 

>-• 

t -*'^6  2 - 

■ ~ 93 

27 

Rice  we'i^il  60 

58  . ;; 

-.46r.  V- 

, •• 

412 

do 

66 

2 58  5 

54  : 

''  50 

514 

; 

• 

• 

* * 

14^  ;7heat,^ 

• * •.  :r 

.’  ** 
'' 

: z 

, 2 ' 

Granary  weevil 

92 

; 92  : 

92  ; 

60 

do 

92 

X 92  3 

84  ; 

88 

59 

Rice  weevil 

76 

X 74  : 

66  ; 

323 

do 

72 

2 70  ; 

64  ; 

65 

951 

Table  17: 
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Effect  of  Temperature#  Moisture,  and  DOcica^e  "cm..the  survival  and  Re- 

produoti6n~:.p.f  T»  -c^s^aneun ; :.\- 


On  ^ pages  30-32  of  Repp.r^-Ndu  I?',  ^^re  given ‘the- regudt^  of  .4i_e 
effect  of  grain  moisture  and  ddcTcag^"-^n,JT. ‘’‘jajstaneun 
constant  temperature  of  J,  for  eight.  WQ'eks  j rhiF^  tests' were 
continued  and  completed  during' the  interim  of.  this_--report.  For  con- 
venience the  weekly*  record  of  ■ survival;. for  the ''series  Tor  the-first 
8 weeks  is  repeated  in  table  2^0,.  togetjher  with  the  record  of  the  final 
eleven  weeks.  It  will  be  noted  that\;as  Mie-.jiibTstnre  contents  of  the 
wheat  is  increased  an  increase  iii  survival  resiilts.  '*^4nd  tr  a c'ertain 
extent#  for  a givega  moisture  content#  the- percentage  eT  survival  in- 
creases  as  the  percentage  cf  * dockage  is  increased.,/  This  is  more',  pro- 
nounced in  the  lower  moisture- level’ -wheat , In  16^  moisture.-wheat,,^  ‘~' 
there  is  no  significant  difference  in  the  percentage  for  the /different 
moisture  variant  lots. 


In  table  21  is  summarized  the  weekly  recovery  of  pupae,  of 
T,  castaneum  from  the  above  discussed  lot.s.  It  will  be'  noted  that  in 
■^neral  there  is  a definite  increase  in  the- total  number  of  pupap 're- . . 
covered  as  the  moisture  content  of  the  wheat  and  the  ^amount of  dock-"'.,'- 
age  is  increased.  The  decrease  in  reproduction  in  the  moisture 
series#  as  compared  to  the  12^  series#  is  probably  due  to  the  develop-' 
ment  of  molds  which  is  frequently  encountered  in  wheat  with  a ,high  ,v,.. 
moisture  eontent.  Those  molds  are  vbry  injurious  to  the  eggs  of  the  / 
flour  beetles. 


It  is  interesting  to  note  that  reproduction  at  90*  F*  is  heaviest 
during  the  first  three  or  four  weeks.  (The  time  required  for  develop- 
ment from  egg  to 'pupa  is  between  3-4  weeks  at  90^^  F. ) A^ter  about 
the  7th  woek  egg  laying  is  practically  discontinued  in  most  lots.  Just 
what  the  cause  for  this  unexpected  cessation  of  reproduction#  so  early 
in  the  life  of  the  adult,  is  as  yet  unexplainable. 

In  another  series  of  tests  conducted  at  a constant  temperature  of 
85°  F.#  table  22,  we  find  practically  the  same  general  relationship  as 
in  the  90°  F.»  series*  Survival  and  reproduction  increase  as  the  mois- 
ture content  of  the  wheat  is  increased,  and  in  the  lower  moisture  level 
wheat  as  the  dockage  is  increased. 
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A more  uniform  reproduction  increase  (table  23)  with  the  increase 
in  moisture  and  dockage  occurs  at  this  temperature  than  at  90®  F. 
However#  the  total  reproduction#  lot  for  lot;  is  considerably  smaller 
in  the  85*  F.  series.  Here  again  we  find  that  reproduction  is  confined 
to  the  early  part  of  the  life  of  the -adult#  discontinuing  entirely  in 
practically  all  lots  after  the  tenth  week. 

In  conjunct  ion  with  the-  tests  on  the  effect  of  temperature:# 
•jnoisture#  and  dockage  on  the.  survival  and  reproduction  of  T*  oastaneum 
accurate  records  were  kept  on  the  length  r^f  larval  developmenTt 

F©r’ these  records  eggs  were  •'sifted.;,from  flour  infested  with 
-■-  adult  T,  'castaneumv  -These  eggs  Were  maintained  at  a constant . tempera •• 
ti^e  oT^S()^  F,  until  hatcl^edl  ^ ^ewly^  ha^tohed- were  then  confined 
,'.;.--vin  small 'sheil  vials  .wit ^\wh'Ol0'Vhaat-  flour  and /placed  in  incubators 
at  85® 'f;  and  90®.,'F%...  . .. ‘ . • - ■ -• 

At  85®  F.  an  average  of  24.4  days  are  spoht"  ih"^ the'  lar.val  stage# 
ranging'with  indiv-idual  specimens  from  23  tc  27  days.'  At  90®  F.  an 
average  of  22, 5. 'days  are  spent  in  the  •■larval  stage,,  ranging  from  20,8 
to  23,6  days#  showing  a reductidh-of -.approximately' 2 -days  in  the 
d eve  1 opme'iita  1 • period  at  90®  F.as'’bOmpared  wit-h’ the  developmental 
period  of  65®  F:  . 
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Table  23;  — percentage  of  survival  of  the  rust  red  flour  beetle  in  9»  12,  and  15^  moisture  wheat  with 
varying  amounts  of  dockage  at  85®  F. 
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